We propose a two-dimensional model for a complete description of the dynamics of molecular motors, including both the processive movement along track filaments and the dissociation from the filaments. The theoretical results on the distributions of the run length and dwell time at a given ATP concentration, the dependences of mean run length, mean dwell time and mean velocity on ATP concentration and load are in good agreement with the previous experimental results.
Molecular motors are protein molecules that convert chemical energy to mechanical force.
They are responsible for essentially all active biological motions [1] . An important class of molecular motors is transport proteins capable of moving processively and unidirectionally along linear, periodically structured and polar track filaments. They are divided into three superfamilies: kinesin, dynein, and myosin. These motor proteins perform such tasks as intracellular transport, cell division, bacterial motion, and muscle contraction [1] [2] [3] [4] [5] [6] [7] [8] [9] .
Up to now, a comprehensive understanding of the microscopic mechanism of molecular motors is still challenging. But with the extensive investigations using different experimental methods, such as biochemical, biophysical, and single-molecular approaches, many aspects of the movement behavior of different molecular motors have been gradually elucidated, and a large amount of data been gathered. In the case of kinesin, for example, the rapid development and progress of single-molecule manipulation and detection techniques in recent years have improved significantly our knowledge of its dynamic and mechanistic properties in vitro [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . In particular, in Ref. [18] [19] [20] detailed single-molecular observations of the mechanical behavior of kinesin moving along microtubules in vitro under low load or under controlled loads have been reported. Important parameters such as stall force, velocity, mean run length, and dwell time have been measured systematically.
In proportion with experimental studies, molecular motors have also been extensively studied theoretically. Theoretical modeling of the motion of motor proteins involves mainly two * Project supported by the National Natural Science Foundation of China (Grant No 60025516). 1 approaches. One of the approaches uses the traditional chemical kinetic descriptions [19, 21, 22] .
The other approach is based on thermal ratchet models in which the molecular motor is treated as a Brownian particle [23] [24] [25] [26] [27] [28] [29] . The processivity of molecular motors such as the average attachment time to the filament and the mean run length has been studied in the frame of one-dimensional two-state model [24] . With periodic sequential kinetic models the probability of detachment of the molecular motors from the filament has been considered [30] .
The aim of this Letter is to provide a simple two-dimensional model to describe the dynamics of molecular motors and give comparisons of our theoretical results with previous experimental results. In order to study both the processive movement of the molecular motor along a periodic and polar track filament and its dissociation from the filament, we consider an overdamped Brownian particle in two spatial dimensions, with x-axis along the filament and y-axis perpendicular to the filament. We use the following Langevin equations:
where, for convenience, the viscosity is scaled away. ξ x (t) and ξ y (t) are the stochastic Langevin noises representing the fluctuating forces: The effect of energy released by the hydrolysis of ATP to ADP and P i is phenomenologically modeled as an effective force α acting on the molecular motor, which is decomposed into component α x along the track filament and component α y perpendicular to the filament. This is described by the last term, Ref. [18] . The measured F stall is the force necessary to stop the motion of the kinesin motor and, therefore, it is equivalent to that acting on the kinesin motor along the x axis, x α , that is 2 generated by the hydrolysis of ATP. A good fit to the measured F stall is shown in Fig. 1 Note that, for a given system, the direction of α from ATP hydrolysis is fixed, i.e., the ratio between the two components α The motor dissociates from the filament at t = 2632.6 and then is in free diffusion. This result shows striking resemblance to the experimental result in the literature [10, 13, 15] .
To see the processive motility of the motor, we plot the distributions of the run length (the distance that the motor travels before dissociating and diffusing away from the filament) and the dwell time (the duration of each such run) for two ATP concentrations, which are shown in Fig. 4 .
Here and in all the following calculations we scale the distance ∆x = 1 to 4 nm and the time ∆t = 1 to 6. For g x = 2.8 and g y = 5, we see that the mean run length L m decreases obviously at low [ATP] . This is consistent with the report of Schnitzer et al. at low load [19] .
To see the influence of the load on the processive motility of the motor, we add a negative force on the right-hand side of Eq. (1a). This means that a load is exerted along the track filament in the direction opposite to the motor movement, which is consistent with the case of experiment [19] . In Fig. 6(a) we plot L m versus load for two different [ATP] . It is seen that our results show good agreement with the experimental results [19] . Similar to the case of no load, we verified that, for a given load, the mean velocity also follows well the Michaelis-Menten dependence on [ATP], with some typical results shown in Fig. 6(b) . This is consistent with the experimental results of Ref. [18] . [ATP] = 3 µM, g x = 2.8, g y = 6.
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